[Multilayered control of the Mammalian circadian system].
All mammals show daily rhythms in their physiological activity, for example, sleep-wake cycles. This rhythmicity is endogenously generated by a system called the circadian clock, and is composed of reactions occurring in several neural/cellular layers of multicellular organisms. Inter-cellular and inter-organ communication is important for the synchronous action of circadian rhythmicity across the whole body. The heart of the circadian system lies in the rhythmic neuronal activity of the suprachiasmatic nuclei (SCN) in the brain. The oscillation emerges as cell-autonomous rhythmic gene expression observed in individual SCN neurons. Inter-neuronal communication synchronizes the circadian phase of each neuron within the SCN. The integrated rhythmic SCN activity works as a pacemaker for the circadian clocks of non-SCN cells, each of which also rhythmically express clock genes. The -24-h period length of the circadian rhythm is predominantly determined by reactions at the molecular level. Cell-autonomous circadian oscillation is driven by a negative feedback loop of transcription regulation, where CRY/PER heterodimers act as the transcriptional repressors of their own genes. One of the rate limiting steps of circadian cycling is a phosphorylation of CRY and PER proteins followed by proteasome-mediated degradation of those proteins. Pharmacological and genetic perturbation of the phosphorylation or degradation pathways alters the circadian period length. This review provides a hierarchical view of the circadian system, which is important to uncover the different effects of medical or social perturbations on circadian regulation of inter-cellular synchronization, or cell-autonomous oscillation.